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Transportation  Test  with  Lemons  and  Oranges  in  Half-Box  Size 
Fiber  Board  Cartons  from  Southern  California  to  New  York 

July  1952 


Introduction 

The  citrus  industry  of  California  and  Arizona  has  experienced  a  remarkable 
expansion  in  the  usage  of  half-box  size  fiber  cartons  since  the  introduction  of 
the  present  types  less  than  a  year  and  a  half  ago*  l/  Dr.  Roy  Smith,  gj  writing 


l/    Smith,  Roy  J.,  Hew  Lemon  Boxes,  Citrograph,    Page  ^38.    September  1951« 

2/    Smith,  Roy  J, ,  A  Time  and  Motion  Study  in  Packing  Lemons,  Citrograph. 
Page  275.    May  1952. 


probably  last  April,  estimated  that  nearly  half  the  packing  houses  in  the  in- 
dustry were  shipping  to  some  extent  in  cartons.    The  half-way  mark  in  this  re- 
gard has  by  now  probably  been  exceeded. 

Prom  the  beginning  of  this  movement  to  the  end  of  1951  (about  eight  months 
(?))  the  three  principle  citrus  shipping  organizations  used  about  275»000  cartons. 
And  from  January  to  August  1952,  (inclusive)  the  same  organizations  used  about 
4,080,000  cartons , 

About  ninety-five  percent  of  these  have  been  used  for  lemons*    For  several 
reasons  lemons  have  entered  into  this  shipping  container  innovation  more  prompt- 
ly than  ©ranges.    Probably  the  most  significant  of  them  lies  in  the  field  of  e- 
conomics,  that  is  to  say,  handling  and  marketing*    However,  the  reasons  concern- 
ed in  this  report  have  to  do  chiefly  with  those  affecting  transportation  conditions. 

When  transportation  of  citrus  in  cartons  came  under  consideration  the  ques- 
tion at  once  arose  as  to  how  these  containers  would  alter  the  transit  refrigera- 
tion picture,    A  large  amount  of  information  on  refrigeration  of  citrus  from 
California  had  accumulated  through  years  of  transportation  tests,  but  all  of  it 
dealt  with  standard  containers,  and  in  several  respects  might  not  be  applicable 
to  carton  loads.    Unlike  the  standard  citrus  containers,  the  sealed  or  closed 
cartons  now  being  used  for  rail  shipments,  obviously  would  allow  neither  air 
circulation  through  the  container  nor  ready  circulation  around  it.    Taken  alone 
these  facts  indicated  a  rather  hopeless  situation,  because  free  circulation  of  air 
through  and  around  the  container  seemed  necessary  both  for  proper  refrigeration 
and  the  removal  of  respirational  bi-products  gases.    However,  the  first  tentative 
shipments  in  the  sealed  cartons  won  favorable  reports  as  to  arrival  conditions 
of  the  fruit  and  have  continued  to  d©  so. 

In  July  and  September  19^-9  the  TJ.SoDoA.  made  three  shipping  tests  using 
Ryan  recording  thermometers  in  part-car  loads  of  oranges  in  cartons,    None  of 
these  cartons  were  of  types  quite  like  the  present  half-box  sealed  cartons. 
Most  of  them  had  openings  for  ventilation  and  as  result  refrigeration  in  trans- 
it proved  rather  satisfactory. 
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In  August  to  September  1951s  seven  shipping  tests  were  made  from  Ventura 
County  with  oranges  and  lemons  in  cartons.    Different  types  were  used  for 
oranges,  including  some  ventilated*    The  lemon  shipments  included  two  cars 
from  Montalvo  to  the  Atlantic  Coasts  each  car  carried  solid  loads  (975)  of 
sealed  cartons.    The  cars  differed  chiefly  in  that  one  was  equipped  with  fans. 
This  pair  of  cars  gave  direct  evidence  of  a  very  substantial  refrigeration 
advantage  for  the  fan  car  in  solid  carton  loads »     These  shipping  test  yield- 
ed other  information  on  the  behavior  of  cartons  in  transits  but  not  sufficient 
to  furnish  the  answers  to  many  questions  asked  by  shippers  v/ho  are  using,  or 
considering  the  use  of  them. 

Returning  to  the  subject  of  the  relative  extent  to  which,  cartons  are  be- 
ing used,  for  lemons  and  oranges,  it  may  be  stated  that  the  transit  refrigera- 
tion of  lemons  in  cartons  was  never  thought  to  offer  too  serious  difficulty. 
This  was  because  lemons  are  mostly  warehouse  cooled  when  packed,  and  need  only 
a  moderate  amount  of  refrigeration  in  transit.    Also  in  general  they  are  con- 
sidered more  amendable  to  holding  or  storage  than  oranges.    But  the  possibility 
of  harmful  accumulations  of  gases  within  the  sealed  package  remained  a  matter 
of  concern. 

The  shipping  of  oranges  in  sealed,  non-ventilated  cartons,  is  admittedly 
more  hazardous  than  with  lemons.     There  are  a  number  of  reasons  for  this  con- 
dition, but  from  the  standpoint  of  refrigeration  in  transit,  the  difficulty 
seems  chiefly  due  to  the  fact  that  oranges  are  being  loaded  warm,  since  no 
commercial  precooling  procedure  has  yet  been  adapted  to  packing  in  cartons,  so 
without  a  means  of  precooling  before  packing,  the  use  of  sealed  cartons  for 
orange  shipments  has  been  limited. 

A  salient  point  regarding  the  sealed  carton  is  that  they  are  treated  with 
the  fungi stat,  di phenyl,  dissolved  in  a  waxy  carrier.    This  treatment  of  the 
cartons  may  be  responsible  often  for  the  usual  small  incident  of  decay  report- 
ed for  carton  shipments,  especially  of  warm  oranges. 

As  indicated  above,  the  purpose  of  the  transportation  test  reported  here, 
was  to  obtain  further  information  on  the  behavior  of  the  half-box  fiber  board 
cartons,  in  different  load  patterns  and  combinations  with  standard  boxes. 

Test  Cars 

Eleven  test  cars  of  warehouse-cooled  lemons,  four  of  which  were  loaded 
in  Ventura  County  July  8,  and  seven  in  districts  east  of  Los  Angeles  July  9« 
Also  five  test  cars  of  warm  oranges  were  loaded  July  9  in  the  latter  districts. 
There  were  two  standard  loads  of  lemons  {k6h  boxes)  in  the  test  and  one  stand- 
ard load  of  oranges-  0+62  boxes).    The  other  thirteen  test  loads  consisted  of 
lemons  or  oranges  in  half-box  size  fiber  board  cartons  entirely,  or  with  stand- 
ard boxes  arranged  in  various  load  patterns  to  be  indicated  later  in  this  report. 

All  test  cars  were  equipped  with  Preco  fans  of  which  four  car  sets  were 
electric.    All  but  one  of  the  test  cars  were  equipped  with  wall  flues. 
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Temperature  Records 

Tempera  tares  within  the  cars  were  obtained  by  means  of  distance-reading 
electric  resistance  thermometers  at  twelve  positions  in  each  car.    The  ther- 
mometer locations  are  shown  in  tables  5  to  20  which  present  temperature  re- 
cords for  each  test  car.    In  addition „  two  cars  carried  Ryan  recording  ther- 
mometers in  the  loads ,  one  five  and  the  other  six  of  them.    The  outside  air 
temperatures  were  obtained  by  Ryan  recording  thermometers  outside  and  under- 
neath two  of  the  test  cars.    A  graph  showing  outside  air  temperatures  en- 
route  appears  on  all  charts  in  this  report. 

Route  and  Running  Time 

The  test  was  routed  via  Santa  Fe  to  Chicago  and  Erie  to  Jersey  City* 
The  Southern  Pacific  delivered  four  test  cars  from  Ventura  County  to  Los 
Angeles©    The  total  lapsed  time  from  San  Bernardino  to  Jersey  City  was  155 
hours  and  50  minutes.    Of  this  91  hours  and  42  minutes  (58.8$)  was  running 
time  and  64  hours  and  28  minutes  (41.2$)  standing. 

ffeather  Conditions 

The  outside  temperatures  encountered  were  not  as  high  as  sometimes  ex- 
perienced on  hot  weather  test  trips.    However,  the  maxima  of  the  first  four 
days  enroute  (five  days  for  the  Ventura  County  cars)  were  above  90°F.  A 
minimum  of  54°!'. ,  the  lowest  of  the  trip  was  encountered  six  hours  west  of 
Belen.    Outside  temperatures  were  more  moderate  across  the  central  states, 
followed  by  rising  temperatures  on  approaching. the  Atlantic  coast.    And  from 
time  of  arrival  in  Jersey  City  to  the  unloading,  the  average  temperature  in 
the  railroad  yards  was  85°F.,  with  maxima  above  90°Fo    The  average  outside 
temperature  enroute  was  79°F.,  but  if  the  standing  period  at  destination  is 
included  the  total  average  becomes  8i®F.    These  averages  were  obtained  from 
readings  taken  at  two  hour  intervals. 

Fruit  Held  in  New  York  for  Observation 

One  or  two  cartons  of  lemons  or  oranges  were  removed  from  certain  test 
loads  and  were  held  at  70®F.  and  75  percent  relative  humidity  at  the  Divi- 
sion8 s  Market  Pathology  Laboratory  in  Hew  York.     Inspections  were  made  at 
arrival,  and  again  after  threes,  seven,  and  fourteen  days. 

1.  At  arrival  no  decay  or  pitting  was  found  in  any  lot. 
The  general  appearance  of  the  fruit  was  good  to  ex- 
cellent and  firm  throughout. 

2.  After  three  days,  (see  table  l)  lemons  in  cartons  1, 
2  and  5  were  of  excellent  appearance.    These  in  car- 
tons 3  a-nd  4  showed  some  scarring,  dark  buttons  and 
rather  poor  color.    Oranges  in  cart-on  6  were  of  good 
appearance  and  showed  no  flattening.    Fruit  in. car- 
tons 7  and  8  showed  some  but  not  serious  flattening 
in  the  bottom  layers o 


3»    After  seven  days  little  change  of  appearance  was  noted 
in  any  lot.    At  this  time  the  oranges  were  discarded 
and  the  lemons  held  an  additional  seven  days. 

4«    After  fourteen  days  lemons  in  carton  1  and  2  were  gen- 
erally firm  with  some  fairly  firm  and  a  few  soft.  The 
color  was  good;  over  fifteen  percent  with  dark  "buttons. 
In  carton  3  s  the  fruit  was  generally  firm,  somewhat  dull 
in  appearance  and  many  fruit  deep  orange  color.    Six  per- 
cent had  dark  "buttons.    Carton  4  was  about  the  same  as 
carton  3«    In  carton  5  the  lemons  were  firm,  fresh  and 
"bright  with  generally  good  color.    Bottons  were  fresh 
and  green  with  less  than  one  percent  dark. 

Table  Ho.  1. —Pitting  and  Decay  in  Fruit  Held  at  70°F.  and  75  Percent  R.  H, 


Carton      Car    Posi-      Fruit    Total    After  3  daysl"/  After  ?  day  si/    After  14  days 
Ho.        Ho.    tion  in  Type      Fruit    Pitting  Decay2/Pitting  Decay2/  Pitting  Decay 
load   Ho .         j  j  $  1o  £  $_ 


1 

D 

TB 

Lemons 

180 

0 

0 

0 

0 

0 

0 

2 

E 

T'Q 

Lemons 

180 

0.6 

0 

0.6 

0 

0.6 

0 

3 

P 

Lemons 

180 

0 

0.6 

0 

0 

0 

0 

k 

B 

T-Q 

Lemons 

180 

0 

0 

0 

0 

0 

1. 

5 

I 

Lemons 

150 

0 

0 

0 

0 

0 

0 

6 

G 

TQ 

Oranges 

100 

0 

2.0' 

0 

2.0 

7 

A 

Bq 

Oranges 

125 

1.6 

4.8 

0 

10.0 

8 

A 

TQ 

Oranges 

125 

1.6 

0.8 

0 

3.2 

11/ 


l/  Cumulative  data  2/    Penicillium  rots         %J    Alteraaria  rot 

Icinff  Service  Used 


Since  the  purpose  of  the  test  was  to  study  the  refrigeration  "behavior 
in  transit  of  citrus  packed  in  half -hex  size  fiber  "board  cartons  and  in 
various  loading  patterns,  it  became  necessary  to  limit  the  selection  of  icing 
services  to  a  few  which  in  previous  tests  had  provided  more  than  adequate  re- 
frigeration in  standard  citrus  shipments.    So  in  fact  six  of  the  cars  moved 
under  standard  ref rigeration  (mostly  half-stage)  and  another  six  cars  were 
pre-icedj  replenished,  plus  one  or  two  reicings  in  transit  (full  hunkers). 
The  cars  receiving  initial  icing  services,  either  because  of  certain  diffi= 
culties  pertaining  to  preicing  or  upon  the  shippers  request,     (see  table  4) 

Relative  Humidity  and  Dew  Points 

Three  of  the  test  cars  carried  psychrometer  sets  with  which  a  few  vapor 
pressure  measurements  were  made  enroute.    The  locations  were  in  the  air  above 
the  load  at  center  doorway.    The  record  of  these  is  given  in  table  2.  The 
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measurements  were  too  few  to  be  of  any  particular  value,  but  are  presented  as 
a  suggestion  of  a  need  for  information  on  the  moisture  situation  in  different 
parts  of  citrus  shipments  under  a  wide  variety  of  transit  conditions.  This 
seems  particularly  desirable  in  connection  with  shipments  in  fiber  board 
cart on So 

Table  No.  2. — Relative  Humidity  and  Dew  Point    Taken  Above  Load  at 

Center  Doorway 


Date 

Place 

Time 

Clovis 
7/12 
9:00  PM 

Waynoka 
7/13 
10:15  AM 

Shopton 
7/14 
12  noon 

Hammond 

7/15 
12  noon 

Horn ell 
7/16 
4:00  PM 

Jersey  City 
7/18 
10:00  AM 

Car  A 

Dry  Bulb 
Wet  Bulb 
EH 

Dew  Point 

52°P. 
48° 

75$ 

44° 

52°P. 
49° 

81$ 
46° 

49  °F. 
47° 

87$ 
45° 

49°P. 
47-5° 
90$ 

46° 

46°P 
43° 

50°P. 
46.5° 

77$ 
43° 

Car  I 
Dry  Bulb 
Wet  Bulb 
BH 

Dew  Point 

52°P. 
50° 

88$ 
48° 

49° 
47° 
87$ 
45° 

47.5° 
47° 
96$ 
47° 

47° 
44.5° 
83$ 
42e 

49° 
47° 

87$ 
45° 

56° 
54° 
88$ 
53° 

Car  M 
Dry  Bulb 
Wet  Bulb 
BH 

Dew  Point 

41° 

45° 
43° 
86$ 
41° 

46.5° 
46° 
96$ 
^5.5° 

45° 
43° 
86$ 
41® 

46e 
44.5° 
89$ 
43° 

56.5° 

88$ 
53.5° 

Notes  on  Test  Loads.  Including  Commodity  Inspections 


Some  of  the  following  material  is  summarized  and  brought  together  in 
table  3»  Charts  nos.  1  to  16  and  tables  5  to  20  to  be  consulted  in  con- 
nection with  these  notes. 

Car  A. —Oranges  152  boxes  +  680  cartons.    Boxes  were  on  ends,  two  layers 
high  along  both  side  walls  and  in  front  of  bunkers.    Cartons  filled  space 
inside  the  shell  of  boxes,  five  layers  high,  placed  lengthwise  and  cross- 
wise on  bottom.    Ryan  recording  thermometers  were. placed  in  boxes!  at 
bottom  and  top  centerline  and  middle  bunker  south  sides  middle  and  bottom 
quarter  south  side!  and  middle  doorway  south  side.    These  Ryans,  except  the 
one  in  bottom  quarter  south  side,  had  opposite  them  an  electric  resistant 
thermometer  in  an  adjacent  carton.    The  purpose  of  the  outer  layer  of  boxes 
was  to  insulate  the  cartons  from  "hot®  car  walls.    The  results  indicated 
that  the  boxes  did  a  very  good  job  acting  as  "wall  flues". 
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For  example,  the  average  fruit  temperature  in  a  carton  in  the  middle  layer 
quarterlength  next  to  south  side  was  5°5&  cooler  than  in  the  middle  quarter- 
length  center  line  carton,.    Without  the  layer  of  "boxes  or  wall  flues  the 
south  side  temperatures  should  have  "been  higher  than  the  corresponding  center 
line  position.     (A  random  selection  of  fifteen  cars  from  summer  transportation 
tests  with  oranges  in  standard  "boxes  and  no  fans  nor  wall  flues,  showed  south 
side  temperatures  to  "be  higher, than  the  corresponding  center  line  positions  in 
every  case0    The  range  of  difference  xvas  Id9  to  8.3a  with  an  average  of  4.9e. 
Also  a  similar  selection  of  four  cars  from  previous  winter  transportation  tests 
showed  colder  temperatures  for  the  north  side  fruit  than  from  the  corresponding 
center  line  position,.    The  range  of  difference  was  1.3°  to  11.2° ,  with  an  av- 
erage of  6„4a) o 

The  warmest  positions  in  the  load  were  l/  MQ,  CL  (AV.=  64.5°) 9  TD,  CL  (62.8°), 


l/  Abbrevations 

MQ  -  Middle  layer,  quarterlength  stack 
BQ  -  Bottom  layer,  quarterlength  stack 
TQ  -  Top  layer,  quarterlength  stack 
CL  -  Centerline  of  car 
SS  -  South  side  of  car 


TD  -  Top  layer,  doorway  stack 
MD  -  Middle  layer,  doorway  stack 
BD  -  Bottom  layer,  doorway  stack 
TB  -  Top  layer,  bunker  stack 


BQ,  CL  (62.2°) ,  MD,  SS  (60.8°) ,  and  TQ,  CL  (57.5®) .    No  recorded  carton  posi- 
tion showed  an  average  below  50°F.    The  coolest  positions  were  of  course  in  the 
boxes,  for  example;  TB,  CL  (44.9°),  BQ,  SS  (45.6°),  and  M$,  SS  (46.6°). 

Commodity  inspection.    Fruit  in  boxes  firm  and  sound.    Fruit  in  cartons 
firm,  about  one  percent  blue  mold  decay0    There  was  a  noticeable  amount  of 
flattened  bruise  areas  oh  oranges  in  contact  with  walls  of  cartons. 

• 

Car  B.    Oranges  -  standard  load,  462  boxes.    Warmest  positions  in  the  car 
were  MQ,  CL  (AV.=  53o4°),  MD,  SS  (52.6°)  BQ,  CL  (52.2°),  TB,  CL  (51.2°)  and  BD, 
CL  (50«2°).    The,  remaining  positions  below  average  of  50®F.    Total  average  of 
bottom  temperatures  was  50«9°  and  average  top  was  50.4®.    All  thermometer  posi- 
tions were  below  50°  after  Waynoka,  or  96  hours  after  loading  completed. 

Commodity  inspection.    Fruit  was  firm  and  sound,  color  good,  buttons  green. 

Car  C.    Oranges  -  154  boxes  +  676  cartons.    Boxes  in  first  eleven  stacks 
in  one  end  of  car  two  layers  high,  seven  wide.    Balance  of  load  of  cartons  five 
high,  six  wide  with  one  row  lengthwise.    A  solid  load.    Thermometers  all  in 
cartons.    Warmest  positions  were,  MQ,  CL  (AY.=  73.0°),  MDS  SS  (67.5°) »  Mq,  SS 
(63.7°),  BD,  GL  (62.6°)+.  TD,  CL  (61.6°),  and  B^9  CL  (61.3®).    Remaining  posi- 
tions below  60®.    Average  bottom  temperature  was  59°8®  and  average  top  was 
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60.2°o    EPXA  reported  that  boxes  arrive  in  Providence  about  eight  degrees  cool- 
er in  both  the  top  ajid  bottom  layers  in- doorway  than  do  cartons. 

Commodity  inspection..    Orages  in  good,  fresh,  sound  conditions. 

Cars  D  and  E»    Lemons  -  both  cars  had  same  loading  -  h6k  bores  in  stand- 
ard pattern  +  196  cartons  as  single  deck  layer.     Double  row  through  car  of 
4-carton  chimney  units.     Same  icing  service  but  Car  D  had  fans  "off".  Warm- 
est positions  we  res     Car  D  -  TD,CL„  MQ^CL,  and  TB0CL;  average  carton  tempera- 
ture =  60 o 3°.    Average  box  temperature  =  5^.6°.     Car  E  -  MD,SS,  TD,CL,  and 
TQ,„CLo    Average  carton  temperature  =  51°5°»  average  box  temperature  =  50«9°° 
It  seems  clear  that  in  Car  E  the  refrigeration  was  more  than  adequate  in 
spite  of  the  deck  load  of  cartons.     This  refers  to  the  cartons  themselves 
and  the  layer  of  boxes  immediately  below  them.     Car  D  showed  more  variation 
of  temperature  through  the  load  but  no  positions  were  too  high. 

Commodity  inspection.    Fruit  in  both  boxes  and  cartons  from  both  cars 
wa6  given  the  rating  -  firm  and  sound,  color  good9  buttons  green. 

Car  F.    Oranges  -  990  cartons  of  two  types.     495  without  vents  and  4-95 
with  vents.    Each  occupying  one-half  the  car.    Electric  resistance  thermo- 
meters in  both  ends  of  car  up  to  and  including  quarterlength  positions. 
Temperatures  at  bunker  positions  at  each  end  were  recorded  by  Eyan  thermo- 
meters.    The  vented "carton  cooled  very  well,  much  better  than  the  non-vented 
type.     This  is  strikingly  shown  in  chart  No.  6.     The  vented  carton  had  an 
average  temperature  of  about  18®  lower  than  the  non-vented.    Due  to  the  action 
of  the  fans  it  is  probable  that  the  vented  cartons  gained  some  refrigeration 
at  the  expense  of  the  non-vented.     That  is  to  say,  the  vented  cartons  were 
cooler  and  the  non-vented  were  warmer  than  they  would  have  been  if  the  load 
had  been  made  up  entirely  of  one  or  the  other  type. 

Average  MD„CL  temperatures;     Vented  cartons  =  52 « 7 0  aud  non-vented  =  83. 6°. 
Likewise,  MD,CL  temperatures  were  55»1°  an(i  8l.5°»  respectively.    MD,SS  tem- 
peratures were  correspondingly  5^°7°  and  73°le°    -The  effect  of  wall  flues  shows 
up  differently  in  the  two  ends  of  the  car.    Wall  flues  seem  to  show  more  effect 
with  the  non-vented  cartons.    For  example „  in  the  non-vented  the  MQ,,SS  position 
was  12.5°  lower  than  the  MQ^CL.    Also  the  MDSSS  position  was  8.4°  lower  than 
the  MQ,,GL„    With  the  vented  cartons,  the  corresponding  situation  was  this;  MQ, 
SS  was  2.1°  higher  than  MQ,9CL  and  the  MD0SS  was  only  0.4°  lower  than  MD , CL . 

The  refrigeration  of  warm  oranges  in  the  vented  half  of  the  load  appears 
to  be  rather  satisfactory,  but  in  the  non-vented  half,  temperatures  were  so 
high  as  to  present  a  serious  hazard  that  ought  not  to  be  risked. 

Commodity  inspection.     In  some  seeming  variance  with  the  above  warning, 
the  condition  of  the  oranges  on  arrival  was  reported  as  -  firm,  "fresh  ap- 
pearing in  both  types  of  containers,  and  showed  no  mold,  decay,  or  skin  break- 
down" .    Another  report  concerning  the  two  top  layers  of  this  load  mentions  - 
no  decay  in  non-vented  cartons  and  less  than  one  half  percent  decay  in  the 
vented.     Some  skin  breakdown  in  both  types. 
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Car  G.    Oranges  -  462  boxes  +  189  cartons.    The  boxes  in  standard  orange 
load  pattern  with  cartons  in  one  deck  layer,  crosswise  and  lengthwise  in  4-car- 
ton  unit  chimney  type  load.    Thermometers  were  in  boxes,  except  positions  TB , 
TQ,  and  TD  which  were  in  cartons.    Warmest  positions  were  -  MQ,SS  (AV.=  61.1°), 
BQi,CL  (54.0°),  BD,CL  (54. 0e) ,  MD,SS  (53-5°) ,  and  M$,CL  (53°5°)o    Carton  posi- 
tions in  deck  layer  were  between  50°  and  54°.    Average  top  temperature  was 
52.2°  and  average  bottom  temperature  was  52.3° « 

Commodity  inspection.  Firm,  skin  texture  smooth  to  coarse,  and  fair  to 
good  color.  Average  one  percent  blue  mold  in  cartons  and  in  boxes  less  than 
one  percent  gray  mold. 

Cars  H  and  I.    Lemons  -  946  cartons  loaded  in  the  4-carton  unit  chimney 
pattern.    Both  cars  were  the  same  including  icing  service,  but  Car  H  had  fans 
"off".     The  warmest  positions  in  Car  H  were.*  TD,DL  (AY.=  61.1°),  M-Q>,CL  (59.5°), 
MD,SS  (59«2°)  and  MQ.SS  (57.7°).    The  average  top  temperature  was  58.6°  and 
bottom  49.8°. 

In  Car  I,  the  warmest  positions  were?  MD,SS  (55.6),  MQ.CL  (53-2°),  Mq,SS 
(53»3°)  and  BD,CL  (52.6°).    The  average  top  and  bottom  temperatures  were  re- 
spectively, 49.5°  and  49.7°»    Refrigeration  in  Car  I  seemed  very  satisfactory 
even  at  the  warmest  positions.     In  Car  H  the  temperatures  were  more  variable 
through  the  load  and  showed  a  general  average  of  about  ten  degrees  higher  than 
Car  I . 

Commodity  inspection.    Fruit  from  both  cars  was  rated  firm  and  sound» 
good  color,  buttons  green. 

Car  J.    lemons  -  945  cartons,  loaded  in  the  4- carton  unit  chimney  pattern. 
This  was  the  same  loading  pattern  as  that  of  Cars  H  and  I.    It  was  intended 
that  the  car  used  would  be  v/ithout  wall  flues  in  contrast  to  Cars  H  and  I,  but 
since  it  had  them  it  was  given  a  second  reicing  in  transit  instead  of  the  one 
reicing  of  Cars  H  and  I.    The  second  reicing  showed  no  advantage  over  one  re- 
icing.    The  warmest  positions  were:  MQ,CL  (AV.=  56.2°),  MD,SS  (54.8°),  MQ,SS 
(53o2°)  and  ED,CL  (52.3)  and  BQ,CL  (52.0°).    The  average  top  and  bottom  tem- 
peratures, respectively,  were  51*2°  and  50.4°.     The  MJj>,SS  position  was  3°  cool- 
er than  the  MQ>,CL,  indicating  the  advantage  of  wall  flues  in  all-carton  loads. 
The  similarity  of  temperatures  of  corresponding  positions  in  Cars  H  and  I  point 
to  the  same  situation. 

Commodity  inspection.    Mostly  firm  to  considerably  pliable,  color  mostly 
good  to  considerable  reddish,  sound,  buttons  green. 

Cars  E  and  L.    Lemons  -  standard  lemon  loads  -  464  boxes.    These  were 
control  cars.    Both  had  fans  operating,  but  different  icing  services.    Car  K 
was  full  bunker  preiced,  replenished  and  one  reicing  in  transit  and  Car  L, 
half-stage,  preiced,  standard  refrigeration.    Loading  temperature  of  the 
lemons  in  both  cars  was  about  68®,  but  by  early  in  the  third  day  enroute  all 
thermometer  locations  were  below  55°* 
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Gommodity  inspection.    Fruit  from  both  cars  rated  firm  and  sounds  color 
good  to  some  irregularity,  buttons  green,, 

Car  Mo    Lemons  -  232  boxes  +  384  cartons.    Boxes  in  one  layer  on  end,, 
Cartons  in  two  layers  as  deck  load,  in  the  2  row  4-carton  unit  chimney  pattern. 
The  warmest  positions  were;     TD.CL  (A7.=  52.3°),  Tq,CL  (50.1°)  and  MQ.CL  (50.0°). 
All  other  thermometer  positions  were  below  50e,  the  lowest,,  45.1®.    The  average 
temperatures  at  all  positions  were  very  similar,.     The  widest  spread  of  temper- 
ature occurred  between  San  Bernardino  and  Bars tow ,  showing  a  maximum  of  twelve 
degrees .    Loading  temperature  was  about  63s1  and  all  positions  were  down  to  55° 
or  below  by  midnight  of  the  third  day  from  loading 0    Average  top  and  bottom 
temperatures ,  respectively,  were  48«7°  and  45.8®. 

Commodity  inspection,    Firm  and  sound,  color  good,  buttons  green,. 

Car  P.    Lemons  -  232  boxes  +  392  cartons .     This  car  was  paired  with  Car  M 
and  was  intended  to  be  the  same  except  to  have  fans  MoffM.    The  two  layer  deck 
load  of  cartons  contained  eight  more  cartons  than  in  Car  M.    This  was  due  to 
difference  in  deck  load  pattern,  there  being  only  one  row  of  4- carton  unit  chim- 
neys.   Warmest  positions  were;  TQ,CL  (AT.-  57.3)  TL\CL  (5&o3°) ,  ML\SS  (53.9°) 
and  TB,GL  (52. I9) o    All  other  positions  below  50°.    There  was  considerable 
spread  of  temperature  through  the  load,  the  extremes  amounting  to  15°  to  18° 
for  most  of  the  trip.    However,  there  were  no  particularly  high  temperatures  in 
the  load  at  any  time  after  noon  of  the  first  day  after  loading.    The  MQ),CL 
position  was  unexpectedly  low  at  all  times.    The  thermometer  here  was  in  the 
top  half  of  the  box  at  that  position  and  there  may  have  been  one  of  the  chim- 
neys through  the  cartons  directly  over  it.     (In  a  single  row  4-carton  chimney 
pattern  they  are  along  center  line  of  car.) 

Commodity  inspection.    Firm  and  sound,  color  good,  buttons  green. 

Car  IT.    Lemons  -  986  cartons  of  two  types,  the  regular  rectangular  and  a 
new  '"square68  shape.    Both  types  were  of  the  same  one-half  box  capacity.  The 
square  cartons  occupied  one  end  and  the  doorway  of  the  car.    The  thermometers 
were  in  the  square  cartons.    The  load  was  solid  without  chimneys.    This  car 
was  paired  with  Car  0  having  the  same  loading  pattern  and  both  moved  under 
standard  ventilation.     Car  H  had  fans  "off8*  and  Gar  0,  fans  mcnw0  Temperatures 
at  all  thermometer  positions  were  between  60®  and  70®  until  96  hours  after 
completion  of  loading.    During  this  long  period  all  positions  were  near  the 
same  temperature  (a  spread  of  not  over  3°  -  5®)»     The  average  temperature 
for  this  period  was  about  67®.    Cars  ¥  (and  0)  were  initially  iced  with  12,000 
pounds  at  Belen.    The  effect  of  icing  was  not  apparent  until  16  hours  later 
when  some  parts  of  the  load  became  cooler.    About  24  hours  after  icing  (Waynoka) 
the  maximum  spread  of  temperature  x^as  about  ten  degrees.    It  continued  to  widen 
to  destination  (Albany,  H„  Y.)  where  it  had  become  nearly  25s »     In  all  carton 
loads  the  lack  of  fan  operation  seemed  to  produce  an  exaggerated  form  of.  the 
typical  temperature  spread  between  top  and  bottom  of  the  load  in  non-fan  cars. 
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Warmest  positions  were?  TD„CL  (AV.=  67.1°).  TO^CL  (6603°).,  MD,SS  (66.2°), 
and  Mq,CL  (65.4®).  The  coolest  average  position  was  BBSCL  (53<>60).  The  fruit 
at  TDjCL,  M*£,CL,  T^„CL  and  MD,SS  remained  above  64°  throughout  the  transit  pe- 
riodo    Average  top  and  bottom  temperatures ,  respectively „  were  65 o3°  and  58„30« 

Car  N  (and  0)  was  ventilated  from  point  of  origin  to  Belen  or  about  70 
hours.    When  the  doors  of  the  car  were  closed  after  loading „  the  average  fruit 
temperature  was  62°  and  on  arrival  in  Belen  it  had  risen  to  69°  or  about  0.1° 
per  hour.    At  this  rate  the  average  lead  temperature  might  have  reached  71°  - 
72® ,  before  arrival  in  Waynoka,  where  the  change  from  standard  ventilation  to 
ice  refrigeration  was  to  have  been  made*    The  I!USDA  man  in  charge"  did  not  wish 
to  assume  responsibility  for  a  72@  load  and  requested  icing  at  BelenD 

Commodity  inspection,.    Mature  and  bright  appearing.,  good  color  and  quality, 
less  than  one  percent  decay,. 

Car  0o    Lemons  -  986  cartons  of  two  types .    Loading  and  transit  services 
same  as  Car  N,  but  with  fans  "on".    During  the  period  Car  0  was  under  Standard 
Ventilation,  the  load  temperature  behavior  was  very  much  as  in  Car  N.  After 
icing  at  Belen  the  effect  of  fan  operation  became  evident    within  four  hours 0 
The  different  thermometer  positions  later  showed  a  spread  in  temperature  but 
never  so  much  as  in  Car  N.    The  warmest  positions  were"  BD9CL  (AVo=  62„9e)» 
MD,SS  (61.0°),  BQ,CL  (59»9°)9  MQ9SS  (59.6°)  and  TL\CL  (59.1°).    All  positions 
in  the  load  were  below  60°  before  arrival  in  Chicago ,    Average  top  and  bottom 
temperatures ,  respectively,,  were  55«9°  and  58e3°»     The  charts  for  Cars  H  and  0 
show  the  advantage  of  fans  in  operation  in  solid  carton  loads. 

Summary 

The  present  transportation  test  included  the  following  lemon  loads?  Two 
cars  with  standard  loads  (464  boxes);  two  cars  loaded  tightly  with  cartons 
(986),  no  chimneys;  three  cars  with  cartons  (946)  in  4-carton  unit  chimney 
pattern;  two  cars  with  two-layers  of  boxes  (464)  plus  one  deck  layer  of  car- 
tons; and  two  cars  with  one  layer  of  boxis  (232)  plus  two  deck  layers  of  car- 
tons.   Also  included  were  the  following  orange  loads?  One  car  with  standard 
load  (462  boxes);  one  car  with  solid  cartons  (990)  ,  no  chimneys;  one  car  with 
two  layers  of  boxes  (462)  plus  one  deck  layer  of  cartons;  one  two- layers  of 
boxes;   (152)  against  walls  and  ends  of  car  and  center  filled  with  cartons 
(680);  and  one  car  of  676  cartons 9  plus  154  boxes  in  one  end  of  car0 

Citrus  in  cartons  should  be  shipped  in  fan  equipped  cars.     Fans  have 
for  long  been  considered  a  benefit  in  standard  box  loads  but  it  is  now  clear 
that  they  are  of  even  greater  advantage  when  cars  are  loaded  with  cartons. 

Wall  flues  in  cars  have  not  been  considered  to  offer  any  advantage  in 
standard  citrus  loads  since  the  bulge  of  the  boxs  loaded  against  the  walls 
provides  air  space  between  the  wall  and  the  loads  unless  exception  is  made 
for  the  two  solid  carton  loads  which  went  as  far  as  Belen  under  standard 
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ventilation.  There  were  locations  in  these  cars  having  temperature 6  high  enough 
to  he  dangerous  for  "weak"  lemons. 

Oranges  warm  when  loaded  in  cartons  may  be  expected  to  remain  warm  to  desti- 
nation regardless  of  the  type  of  refrigeration  service  selected..     The  results 
of  the  tests  indicated  that  for  satisfactory  and  safe  shipping  of  oranges  in 
cartons  a  method  of  orecooling  before  packing  must  be  developed,  or  some  type 
of  vented  carton  must  be  adopted. 
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